Following primary infection, herpes simplex virus (HSV) establishes a latent state within neurons of sensory ganglia. During latency, episomal HSV genomes are generally inactive, with viral transcription mainly from the latency-associated transcripts, although low levels of certain immediate-early (IE) and early (E) transcripts have been detected (18, 37) . The virus can undergo periodic reactivation leading to recurrent disease in response to certain stimuli, such as stress, tissue damage, or the presence of immune system modulators, neurotransmitters, hormones, or growth factors (19, 20, 55) . Similar to primary infection, the reactivation process includes several steps leading to the release of complete viral particles, including transcription of viral (IE and E) genes and replication of the viral DNA.
The temporal pattern of HSV gene expression during primary infection in tissue culture is well documented (28, 29) . The initial event is IE transcription, mediated by the cellular transcription factors Oct-1 and HCF functioning in a complex with the viral transactivator VP16 (a virion protein) through binding to TAATGARAT upstream sequences (52, 61) . The IE gene products are transcription factors that promote E and late (L) gene expression. It has been shown that this cascade of viral gene expression is not seen during the reactivation process. Rather, IE and E transcripts are both detected at the earliest times of reactivation and the onset of their expression is simultaneous (63) . Since VP16 is not expressed in latently infected neurons and moreover is not required for reactivation from ganglionic explants (60) , it is likely that viral transcription is initiated during reactivation by endogenous factors expressed from these tissues. Candidates for this function are cellular factors that regulate the HSV type 1 (HSV-1) genome, either by direct binding such as DNA-bound activators or by coactivators that associate with and alter activator function. Activators or coactivators would be either induced by the mRNA expression level or posttranslationally modified after the reactivation stimuli or both. There is a second possibility that certain cellular factors repress HSV-1 transcription during latency and that their modification or lowered expression at the onset of reactivation alleviates HSV-1 transcriptional inhibition.
The murine trigeminal ganglion (TG) explant model has been extensively used to study latency and reactivation of HSV-1 and in particular to examine altered expression patterns of specific mRNAs during reactivation (16, 63, 64) . In this model system, explanted latently infected TG are incubated in culture medium for several hours, which is sufficient for detection of IE and E transcripts. The first viral transcripts appear at approximately 4 to 8 h postexplantation (p.e.), implying that the initiating molecular events in the cell responsible for transcriptional reactivation occur before that time (16, 63, 64) . Based on these observations, an approach to studying the earliest cellular events preceding and required for viral activation is to examine altered expression in uninfected rather than HSV-1-infected ganglion explants. For example, among several cellular transcription factors whose expression increased in explanted TG (c-fos, c-jun, c-myc, and oct-1), each was shown by reverse transcription (RT)-PCR and in situ hybridization to exhibit induced expression in both infected and uninfected TG explants (63, 68) .
Thus, certain transcription factors have been shown to be changed in expression or cellular localization under these conditions, such as the Oct-1-related brain-specific Brn-3 (39) and Oct-1-associated HCF (38) . However, the overall pattern and seminal molecular events triggering the transition from latency to reactivation remain poorly understood. In order to take a broad view of changes underlying reactivation, we have used large-scale screening of mRNA changes. One such method, differential display RT-PCR, led to the identification of a murine interferon-related gene, TIS7, as a potential causative agent of reactivation (64) . In order to expand our screening to as large a set of genes as possible, in this report we describe the use of gene array technology, which has become an increasingly valuable tool for evaluating changes in gene expression. Recent studies have used gene array filters to assess differences in gene expression among normal, invasive, and metastatic breast cell populations and to monitor gene expression patterns in prostate cancer specimens (6, 59) . Gene arrays have also been used to evaluate differential cellular gene regulation during human immunodeficiency virus type 1 (HIV-1) infection (24) . However, this is a novel approach to studying differential cellular expression after explantation of TG, our model system for the study of HSV-1 reactivation.
We have used gene array filters representing one-third of the mouse genome to examine changes in RNA expression in TG populations immediately following and several hours after explantation, a time frame that we have previously established is sufficient for HSV-1 reactivation. Using this system we have detected induced expression of the transcription factor Bcl-3 among other genes exhibiting altered expression. This factor has a potential role in the regulation of the ICP0 promoter, suggesting that Bcl-3 is involved in viral transcriptional reactivation after latency.
MATERIALS AND METHODS
TG explantation. Four-to six-week-old female BALB/c mice were obtained from Jackson Laboratory. Mice were sacrificed by cervical dislocation, and TG were excised. Groups of 6 to 10 explanted TG were incubated in Dulbecco's modified Eagle medium supplemented with 5% fetal bovine serum at 37°C for 4 h p.e. In a single experiment, TG were explanted in the absense of serum.
RNA extraction. Ganglia used for RNA preparation were snap-frozen in liquid nitrogen. RNA was extracted from TG by using TRIzol as described by the manufacturer (Gibco BRL). RNA was subjected to digestion with RNase-free DNase I (Boehringer Mannheim) and ethanol precipitation. RNA concentrations were measured by spectrophotometry. RNA integrity was determined by agarose gel electrophoresis (45) .
Gene array cDNA filters. The gene array used in this study was the Gene Discovery Array Mouse I from Genome Systems. Each gene array is a 22-by 22-cm nylon filter spotted with 18,378 mouse cDNA clones retrieved from the IMAGE Consortium collection. Thirty control spots were included on the filters for normalization of the intensities. The normalization was done using internal control DNA spots that were derived from specific Arabidopsis and Drosophila genes, and corresponding RNAs were provided with the gene filters to be mixed with the test RNAs for cDNA preparation and labeling. cDNA clones in bacterial host cells were grown on the membrane and processed to release the plasmid DNA. There are three classifications of clones on the membranes. The first type of clone is a cluster representative, found to have a 40-bp minimal overlap with a 95% sequence identity with other cDNA clones in the IMAGE Consortium clone set. The 5Ј-most clone (expression sequence tag) of each cluster was chosen as the representative for the filter. The second type of clone is a singleton. These are clones that did not cluster with other image clones in the IMAGE Consortium clone set. The third type of clone is a gene index cluster representative (produced by The Institute for Genomic Research [http://www.tigr.org]). One set of RNAs was analyzed in duplicate, and multiple RNAs were prepared for the RT-PCR confirmation of many of the RNAs that were changed in expression on the gene filters.
cDNA probe preparation, hybridization, and image analysis. mRNA was isolated from total RNA using the mRNA purification kit from Pharmacia Biotech. cDNA was generated from 2.5 g of mRNA by using Moloney murine leukemia virus reverse transcriptase (Gibco BRL), oligo(dT) priming, and [␣- 33 P]dCTP (3,000 Ci/mmol; 10 Ci/l; NEN) for labeling. Unincorporated nucleotides were removed with G-50 MicroColumns (Pharmacia). The radioactivity of the probe was measured with a scintillation counter, and the same amount of labeled cDNA was used for each filter. Gene array filters were prehybridized overnight at 42°C with hybridization solution (5ϫ Denhardt, 2% sodium dodecyl sulfate [SDS] , 100 g of sheared salmon sperm/l [SIGMA]). After overnight hybridization at 42°C, the filters were washed at 68°C with 2ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate) and 1% SDS, as described by Genome Systems. The membranes were then exposed overnight to a PhosphorScreen (Molecular Dynamics) and scanned at 176-m resolution in a phosphorimager instrument (PhosphorImager 445 SI; Molecular Dymamics). The software used by the company (GDS software) identified the spots on the membranes and measured the hybridization intensities for each clone, using 30 control spots for normalization.
RT-PCR. cDNA was generated from 1 g of total RNA by using a first-strand cDNA synthesis kit for RT-PCR, priming with oligo(dT) (Boehringer Mannheim). Reactions contained 30 to 50 ng of cDNA, 200 M (each) nucleotide triphosphates, 1 M each primer, and 2 U of Taq polymerase in PCR buffer (Boehringer Mannheim). The primers used in this study are as follows: for ␤-actin, ATAGCACAGCTTCCCTTTGAT and AACATGCATTGTTACCAACT (452-bp product); for TIS7, CTCTTATCTCGGCATTTG and GGACAAGAG AAAGCAGCG (342-bp product); for Bcl-3, CTCCTCACCCTCGCTGTCTC and CTGGCTGTCCTTTGGTTCCT (447-bp product); for LZIP, GATCCTG GTGGTCAGGATCT and CTAGATCTATGGAGACGTGC (300-bp product); for Sp1, GGATGGTTCTGGTCAAATAC and GTCTGGTTCTGCTGGATG TT (531-bp product); for C/EBP-␤, CGCCAAGCCGAGCAAGAAGC and CA CCTTGTGCTGCGTCTCCA (475-bp product); and for HCF, GGTTCAAGC AAGACATGAAG and ATGGCGGCGCCCAGGATGCC (500-bp product). Primers were designed based on known sequences retrieved from the GenBank database. Cycling reactions were performed with a Perkin-Elmer Cetus Gene Amp PCR System thermocycler. After one cycle of denaturation for 10 min at 94°C, the cycles were as follows: (i) denaturation at 94°C for 1 min, (ii) annealing at 59°C for 1 min, and (iii) extension for 1 min at 72°C. The final cycle was terminated with a final extension for 10 min at 72°C. Amplification was initially carried out for 25 to 35 cycles. Twenty-five cycles was determined to be the most appropriate number for obtaining quantitative results, since the amplification was still in the linear range (21) . RT reactions were included in each set of experiments as negative controls. In every case, the size of the PCR product bands corresponded to the predicted size. Aliquots of 10% of the PCR products were analyzed by agarose gel electrophoresis and stained with ethidium bromide. Gels were subsequently scanned using a Fluorimager (Molecular Dynamics), and the intensity of the bands was quantified with ImageQuant. The intensities of bands corresponding to 0-and 4-h samples were normalized to the intensity of ␤-actin bands corresponding to the same time points. Signal intensities, as detected by the Fluorimager, were compared to known amounts of DNA loaded on the gel in order to determine how the signal reflected actual changes. S1 nuclease protection assay. Total RNA was isolated as described above. Fifty micrograms of total RNA was used per reaction. RNAs from 0 and 4 h p.e. were incubated and hybridized to either radioactively labeled ␤-actin probe 5Ј-CACCATCACACCTTGGTGCCTAGAGCGGCCCACGATGGAGGGGA ATACAGGGGGGG-3Ј, which was used to demonstrate equal RNA amounts per reaction, or radioactively labeled Bcl-3 probe 5ЈTGGCAGCGCGGCGCC CGGGGTGCCCTTGGGCGGGTGCGCAGGTCCACGGGGGGGG-3Ј (45) . Each probe includes seven extra guanine bases at its 3Ј end to demonstrate probe protection. After incubation with S1 nuclease, the reactions were loaded onto a denaturing polyacrylamide gel, and the intensity of the bands corresponding to the undigested probe was measured using PhosphorImager and ImageQuant.
In situ hybridization. Ganglia used for in situ hybridization were fixed with 4% paraformaldehyde for 5 h and then embedded in paraffin wax. Six-micrometer serial sections were cut and processed as described previously (64) . Nonisotopic labeling was performed using the digoxigenin (DIG) DNA labeling and detection kit (Boehringer Mannheim). The DNA template used for the labeling reaction was a 447-bp PCR product. The quantity of the labeled product was determined by membrane dot blotting. After deparaffination with xylene and serial ethanol washes, tissue on the slides was digested with 1 g of proteinase K/l, hybridized to the probe at 37°C overnight, and washed as described previously (42, 46) . Hybridized probe was detected with nitroblue tetrazolium-5-bromo-4-chloro-3-indolylphosphate (BCIP) alkaline phosphatase substrate, giving a purple color. Slides were counterstained with mild methyl green stain. The slides were checked by a neuropathologist with experience (Ehud Levi, University of Pennsylvania) for identification of the Bcl-3-positive cells as neurons.
Western blotting. Protein extracts were prepared for three time points postexplantation (0, 4, and 8 h [uninfected TG]). One milliliter of T-PER tissue protein extraction reagent (Pierce) was added to eight ganglia per time point, and the tissue was homogenized. Fifty microliters of protein extract for each time point was used for SDS-polyacrylamide gel electrophoresis and Western blotting. All samples had an equal amount of protein, as examined by Coomassie staining. Anti-Bcl-3 antibody (200 g/ml; Santa Cruz) was used for Western blots at a 1:200 dilution. A second Western blot was performed using the same dilution of antibody and blocking peptide (Santa Cruz) in an antibody/peptide ratio of 1:5.
RESULTS

Altered gene expression revealed by mouse gene array hybridization.
Trigeminal ganglia were explanted from uninfected mice, and total RNA was purified immediately (0 h) or after 4 h in culture. The RNA was reverse transcribed using oligo(dT) primers to produce 33 P-labeled cDNA. Hybridization of mouse gene arrays (Genome Systems) was performed using the radiolabeled cDNA probe. One gene array filter was hybridized with a cDNA probe corresponding to 0 h p.e., and another filter was hybridized with a probe corresponding to 4 h p.e. Gene array filters were visualized by phosphorimaging (Fig. 1) , and scanned images were sent to Genome Systems for quantitative analysis (Table 1) .
The gene arrays used represent 18,000 mouse expression sequence tags retrieved from the IMAGE consortium clone selection and arrayed on nitrocellulose filters in duplicate. The detection limit of this method, as described by the company, is 1 in 10,000 (about five copies per cell).
A representative area of the gene filter is displayed in Fig. 1 , and several RNAs are pointed out that either increased or decreased in abundance following the 4-h incubation in culture. The quantitative analysis of the hybridization results showed that approximately 300 mRNAs were induced and 500 mRNAs were repressed more than threefold. Among the changes detected at 4 h, more than two-thirds corresponded to unknown genes. The known genes can be classified into several groups as follows: (i) neuron-specific genes, (ii) transcription and replication factors, (iii) cell cycle-related genes, (iv) signal transduction genes, and (v) genes related to metabolism. The analysis of results, including representatives from all groups of genes, is summarized in Table 1. HSV-1 infects neurons within the TG, where latent infection is established. However, TG are complex tissues composed of many different types of cells, such as neurons, glia, and connective tissue cells. Thus, detection of neuronal gene expression in the gene array filters is of great importance, since this is evidence that mRNA derived from neurons is strongly represented in the total RNA from TG. We did detect neuronal gene expression in considerable abundance; for example, neurofilament M displayed a hybridization intensity that was 10-to 40-fold higher than signals of moderate to low abundance. This result suggests that neuronal RNA is significantly represented in the total TG RNA, although neurons are only 10% of the ganglion cell population (62) .
Within genes of the other categories, the one that initially gained our attention was Bcl-3, a transcription coactivator and member of the IB family known to associate with NF-B (p50) homodimers. RNA corresponding to the Bcl-3 gene increased in abundance (eightfold) in the 4-h sample (Fig. 2) . Bcl-3 may associate with the ICP0 promoter (or enhancer) (see below), reactivation occurs with low efficiency in the absence of ICP0 (9, 10), and we located genes encoding other ICP0-relevant transcription factors (see Fig. 7 ) on the filters. Sp1, C/EBP-␤ and -␦, and GA binding protein ␤ were present on the gene arrays, but their expression was both of low abundance and stable between the 0-and 4-h samples (Fig. 2) . In contrast, the NF-B p50 precursor (p105) was slightly upregulated 4 h p.e. (Ͻthreefold increase) and was moderately to highly abundant (20 to 50 times higher intensity than that of signals of low expression) (Fig. 2) . Expressed sequence tags for Oct-1 and HCF-1 were not present on the filters. LZIP, a transcription factor similar to VP16 with respect to its association with HCF (22, 41) , was also present on the gene arrays with a highly abundant message that showed moderate upregulation in the 4-h sample. It has been hypothesized that LZIP may bind a CRE element in the ICP0 promoter (40) .
Confirmation of changes in gene expression by RT-PCR and S1 nuclease protection assay. RT-PCR was performed for several genes of interest in order to confirm the hybridization results. Total RNA prepared from 0-and 4-h explanted TG was DNase digested and subsequently reverse transcribed us- ing oligo(dT) primers. The cDNAs were then used as template for the PCRs, one corresponding to the 0-h TG and the other to the 4-h TG, for each set of primers. The sequences of the specific primers used for each set of reactions, as well as the size of each PCR product, are described in Materials and Methods. All parameters of the reaction, such as template concentration and number of cycles, were determined for each set of primers so that the reaction was within the linear range of the PCR (21) . Controls used in this experiment were ␤-actin and TIS7. It has previously been shown that ␤-actin is a housekeeping gene with constant expression in both 0-and 4-h explants (63) and therefore was used to confirm that the cDNAs used for each reaction were of the same quantity (Fig. 3) . TIS7 was upregulated in the 4-h sample (Fig. 3) , as observed previously (64) , and it thus served as a positive control. Bcl-3 was also induced in the 4-h TG explants (Fig. 3) , and quantitation of PCR products showed a 4.5-fold difference in expression of Bcl-3 in the two samples. Reproducibility was tested by performing the reaction several times from independently prepared sets of cDNA (data not shown).
To further confirm the upregulation of Bcl-3 at the mRNA level, an S1 nuclease protection assay was performed (Fig. 4) , using probes for Bcl-3 and ␤-actin. ␤-actin again served as a control to verify that the same amount of mRNA was used at each time point. Quantitation of the gel bands confirmed that Bcl-3 mRNA increased fivefold in the 4-h p.e. sample relative to the 0-h sample. This level of increase was comparable to that detected with RT-PCR.
Again, to confirm and extend the gene array results, we used RT-PCR to determine the level of LZIP, HCF-1, Sp1, and C/EBP-␤ RNAs. HCF-1 showed stable levels of expression between the 0-and 4-h samples (Fig. 3A) , while RT-PCR for Sp1 and C/EBP-␤ did not yield any products, consistent with the low abundance on the gene array filter. LZIP showed a slight increase in expression, also similar to the gene array filters.
All of the above experiments were performed using material from uninfected TG, because our focus has been to identify critical cellular factors that are candidates to initiate reactivation. However, it is clearly important to determine whether Bcl-3 is increasing under reactivation conditions when virus is present. Thus, we tested latently infected TG for Bcl-3 mRNA after explantation. RT-PCR analysis for infected TG showed upregulation of the Bcl-3 message in the 4-h sample (Fig. 3B) , at similar levels to those of uninfected RNA. Bcl-3 is induced in neuronal cells. Since HSV-1 establishes latency and reactivates in neurons, it is critical to demonstrate neuron-specific localization of the increased Bcl-3 gene expression. TG tissue sections from 0-and 4-h uninfected explants were analyzed by in situ hybridization. Nonisotopic detection with DIG-labeled DNA probes has been used successfully in several studies to identify neuronal mRNAs and appears to provide great sensitivity (42, 46) . Therefore, a DIG-labeled DNA probe specific for Bcl-3 was used for hybridization to tissue. Bcl-3 expression was not detected at 0 h p.e. but was induced at 4 h p.e (Fig. 5) . Neuronal cells expressing Bcl-3 are identified by dark purple staining (Fig. 5, right panel) . Their identity as neurons was confirmed by comparing with hematoxylin-eosin-stained slides. Thus, the results suggest that Bcl-3 RNA levels are increasing specifically in neuronal cells, which are the sites of HSV-1 latent infection.
Protein levels of Bcl-3 are increased after explantation.
Western blot analysis of TG protein extracts was performed in order to examine whether the increased mRNA levels of Bcl-3 correspond to a similar increase in protein levels. For this purpose, an additional 8-h time point was also included in the analysis. Blotting with anti-Bcl-3 antibody showed a specific band at approximately 55 kDa present in the 4-and 8-h p.e. samples, whereas the signal was significantly lower in the 0-h sample (Fig. 6) . Furthermore, the 55-kDa bands specifically disappeared when the hybridization was done in the presence of a Bcl-3 blocking peptide, confirming their identity as Bcl-3. As described by other authors, Bcl-3, a protein with a calculated molecular mass of 48 kDa, migrates at a position corresponding to 55 to 60 kDa when it is posttranslationally modified. The active form of Bcl-3 is extensively phosphorylated (5, 7, 23) , suggesting that Bcl-3 protein is not only upregulated in the 4-and 8-h samples but may be present in its active form.
DISCUSSION
The wide screening results presented in this study yield important information about the cellular environment which is present after TG explantation. Among the differentially expressed genes, there are several cellular factors involved in regulatory pathways, such as Ras-related proteins (R-ras, RAB, RHOC), immune system modulators (major histocompatibility complex and interferon-related proteins), growth factors (transforming growth factor and insulin-like growth factor), cell cycle-related proteins (cyclin-dependent kinase [CDK] homolog, cyclin F), and transcription factors (Bcl-3).
Cellular CDKs have previously been shown to have a role in transcription of HSV-1 IE and E genes in cell culture (57) . The mechanism of CDK action on HSV-1 transcription is unclear, but it may involve phosphorylation of the VP16-HCF-Oct1 complex (33), which is not present in the earliest, initiating stages of viral reactivation.
Decreased expression of cellular transcriptional repressors that may maintain HSV-1 in the latent state would be expected to result in reactivation of the virus. However, we did not detect an increase in expression of any transcriptional repressors in the gene array.
With respect to the other factors, it is unknown whether these molecules influence HSV-1 reactivation; however, one of the identified proteins, Bcl-3, may be directly linked to HSV-1 transcription mechanisms as a possible DNA-binding activator or coactivator of viral promoters.
Bcl-3 is induced by the stress of explantation. Bcl-3 is present among the genes whose expression was induced after the stress of explantation. The induction in expression was confirmed by RT-PCR and S1 nuclease protection assay. In addition, in situ hybridization showed that at 4 h p.e. upregulated Bcl-3 mRNA was located within neurons of the ganglia tissue. This mRNA upregulation corresponds to an increase in Bcl-3 protein levels. The bcl-3 gene was first identified as a protooncogene aberrantly expressed in human B-cell chronic lymphocytic leukemias (51) . The Bcl-3 protein contains seven ankyrin repeats and shares structural features with members of the IB family (35, 49) . It also exhibits transactivation domains at the amino terminus as well as potential phosphorylation sites at the carboxyl-terminal part (5, 31) . IB proteins are known for their inhibitory effect on NF-B activity by sequestering it into the cytoplasm (2, 3). Bcl-3 has a different function from IB proteins, since it localizes predominantly to the nucleus and promotes nuclear translocation of the p50 subunit of NF-B (48, 69, 71) . Furthermore, it is associated with p50 or p52 homodimers bound to B DNA sites and activates transcription both in vivo and in vitro (5, 8, 23) . This interaction is dependent on the phosphorylation state of Bcl-3 (5, 7, 23) . Since Bcl-3 from explanted TG migrates around 55 kDa in SDS-polyacrylamide gels, we conclude that Bcl-3 is present in the 4-and 8-h samples in its phosphorylated form.
Another interesting aspect of Bcl-3 function is its physical interaction with the histone acetyltransferase Tip60, as revealed by a yeast two-hybrid study (14) . Tip60 was discovered as an HIV-1 Tat interacting protein (34) and is capable of acetylating several lysine residues in the amino-terminal tails of core histones H2A, H3, and H4 (36) . There has been abundant evidence in recent years that recruitment of chromatin remodeling factors, including histone acetyltransferases, is required to reactivate quiescent genomic regions, and our results suggest that this mechanism may be essential for HSV-1 reactivation as well.
Little is known about the signaling pathways that lead to transcriptional activation of Bcl-3 itself, although interleukins may be involved through a STAT-dependent mechanism (53) . There is also a putative NF-B binding site in the Bcl-3 promoter region, raising the possibility of NF-B-Bcl-3-dependent transcription and/or autoregulation (48, 49) .
NF-B is expressed in trigeminal ganglia. In this study, we also show that the mRNA of the NF-B p50 precursor (p105) is expressed in relatively large amounts in TG and is slightly induced after explantation. The cellular transcription factor NF-B was first described as essential for immunoglobulin light chain gene expression in B cells (58) . It is sequestered into the cytoplasm by the IB proteins and has access to the nucleus only after certain signals that induce phosphorylation and subsequent ubiquitination and degradation of the IB inhibitor (1). NF-B is a dimer of subunits, including p50, p52, c-Rel, p65 (RelA), and RelB (4). The major form of NF-B is the heterodimer p50-p65 that acts as a transcriptional activator through binding to B promoter sequences. A role in promoting transcription has recently emerged for p50 homodimers as well. It has been shown that they can activate transcription by recruiting Bcl-3 to certain promoter sites. In addition to its significance in regulating gene expression of cells in the immune system, NF-B is a crucial transcription factor for other cell types, including neurons of the central and peripheral nervous system (50) . Diverse stimuli, such as nerve growth factor (11, 44, 70) , neurotransmitters (glutamate) (50), oxidative stress, interleukin-1, tumor necrosis factor alpha, phorbol esters, and virus infection, activate NF-B in neurons. Tumor necrosis factor alpha is induced in TG explants (64) , and nerve growth factor has been previously shown to be involved in the reactivation process. Moreover, there is evidence that the activated intranuclear state of NF-B is constitutive in many neurons in vivo (50) and that this factor is further activated by ischemic or excision injury (43, 65) . As previously mentioned, Bcl-3 promotes NF-B p50 nuclear translocation. The contribution of NF-B to reactivation is unknown; however, HSV-1 primary infection causes NF-B nuclear translocation which then increases the virus's efficiency to replicate (51) .
Cellular transcription factors and transcription mechanisms during HSV-1 reactivation. The promoter sequences that play a predominant role during acute infection are the TAATGARAT motifs, present in a number of copies in the IE promoters. Oct-1 recognizes these sites after interacting with the VP16-HCF-1 complex and mediates transcription of IE genes. In contrast, IE and E transcription occurs simultaneously during reactivation, without the presence of VP16. Among the several IE and E genes that are expressed at the onset of reactivation, ICP0 has been shown to be important for efficient reactivation (although ICP0 is not essential in normal primary infection) (9, 10, 27) . A close inspection of the ICP0 promoter reveals binding sites for Sp1, C/EBP, CREB (or ATF), NF-B, GABP, and several TAATGARAT motifs (Fig. 7) . Sp1 is able to bind the G-rich regions of viral promoters (32), but we have found that Sp1 mRNA is absent or expressed in low levels in TG. Sp1 binding sites may still be important for viral transcription, since there are many transcription factors with binding capabilities comparable to those of Sp1 (12) , some of which may show considerable levels of expression in sensory neurons. GABP binds GA-rich sequence flanking TAATGARAT motifs (17) . As in the case of Sp1, GABP is expressed in limited amounts in TG. This low level of GABP mRNA reflects the low protein levels detected in a previous study (26) .
Our results indicate that Bcl-3 and NF-B (p50) are expressed in TG and show different degrees of induction after explantation. Bcl-3 transcript levels are significantly increased in the 4-h TG explants and are localized in neurons. Previous observations that NF-B is present in neurons in its activated form constitutively or after induction suggest an NF-B neuronal localization as well (50) . Since each is present in neurons, these two factors, Bcl-3 and NFB, possibly contribute to viral transcription in a coordinated way by upregulation of the HSV-1 ICP0 promoter. NF-B binds to a B motif at position Ϫ273 of the ICP0 promoter (56) . There is also one putative B site at Ϫ51, similar to palindromic sequences known to bind p50 homodimers (25) . Importantly, this putative NF-B binding site is not included in the region from Ϫ420 to Ϫ70 that was shown to be dispensable for reactivation (13) .
During latency, the viral genome is packaged in a compact chromatin structure which is likely to be refractory to replication and transcription (15, 47, 54) . Changes in chromatin configuration, such as acetylation of histone tails, allow regulatory factors and the replication and transcription enzymatic machinery to access DNA. An indication that chromatin remodeling is possibly crucial for viral transcriptional activation comes from the study of VP16 function. Several histone acetyltransferases can be recruited by VP16, leading to localized histone acetylation which is accompanied by induction of transcription (30, 66, 67) . In a possible reactivation scenario, NF-B p50 may already be present in the nucleus or enters after explantation, with the contribution of the increased amounts of Bcl-3. p50 homodimers may bind DNA and recruit Bcl-3 to the ICP0 promoter. Then, in a manner similar to VP16-mediated transcription, Bcl-3 recruits histone acetyltransferases, possibly Tip60, resulting in chromatin remodeling. This would then lead to promoter access by other transcription factors. The   FIG. 7 . Regulatory elements of the ICP0 promoter located upstream of the transcriptional start site. These elements are the Oct-1 binding site (TAATGARAT), the GABP binding site (CGGAAR), the Sp1 binding site (GGGCGG), the C/EBP binding site (CCAAT), the CRE element (AATCGTCA), the NF-B binding site (GGGCTTCCC), and the putative NF-B (p50) binding site (CCCCTTTGGGG).
overall result would be stimulation of the ICP0 promoter, which may be the critical first step in the reactivation process.
